Abstract Robotic surgery can help to overcome some technical limitations of laparoscopic pancreaticoduodenectomy thanks to EndoWrist instrumentations and the 3D view. Despite the potential benefits, its employment is still low and controversial. We focused on some important technical details crucial for a safe robotic pancreatectomy. After performing 52 robotic pancreatic resections that included 10 pancreatoduodenectomies, the authors describe their technique. The review of literature on robotic and laparoscopic duodenopancreatectomy is also performed in order to evaluate possible benefits of the robotic platform. We describe the step-by-step surgical procedure, analyzing all possible troubleshooting occurring in an initial center experience. The estimated blood loss as well as the length of stay was reduced by the robotic approach. We did not observe any significant increase of pancreatic fistula rate and all other postoperative complications despite our initial learning curve. Robotic pancreatoduodenectomy is a technically advanced procedure that requires important laparoscopic and robotic skills but it shows to be safe, feasible with some clear advantages in the bleeding control and in the reconstructive phase of the procedure.
Introduction
The laparoscopic surgery is a safe and feasible surgical approach to distal pancreatectomy [1] . It shows clear short-term benefits increasing the spleen preservation rate. It also seems to be associated with promising oncologic results [1, 2] . However, its use is still controversial in more challenging pancreatic procedures like pancreaticoduodenectomy (PD), central pancreatectomy, or when a vascular resection is deemed necessary.
Even if the first description of robotic pancreatectomy was reported already in 1994 by Gagner and Pomp [3] , the widespread application of the laparoscopic PD is still limited due to some technical issues present not only during the lymph node dissection around the major vascular structures but also during the reconstructive phase and in cases when vascular control is required.
So it is not a big surprise that only 341 laparoscopic PDs were reported in literature until 2011, while between 2012 and 2015 after the wide acceptance of the robotic platform, the total number of laparoscopic and robotic PD's reported increased more than twofold (725) [4] .
The presence of surgical dexterity associated with 7 degrees of movements offered by the robotic instruments and the absence of physiological tremor thanks to a steady surgical 3D camera platform allow surgeon to perform each step of the procedure in a more comfortable position helping him in some crucial surgical phases of the operation [5] .
In the present paper, we present our surgical technique of robotic-assisted laparoscopic pylorus-preserving PD with a Longmire-Traverso reconstruction that until now is not a standardized technique, in which the da Vinci Si surgical system (Intuitive Surgical, Sunnyvale, California, USA) is employed for the entire operation. We also discuss its technical aspects, giving some technical tricks andpersonal considerations. Results ofroboticPD compared to those of laparoscopic and open approach are also discussed evaluating the possible benefits of robotic surgery.
Technique Description
Robotic pancreatic surgery program started in our University Hospital in Palermo in 2012. Until July 2016, there have been 52 pancreatic resections performed, including 10 PDs (8 for pancreatic ductal adenocarcinoma and 2 for pancreatic neuroendocrine tumors).
In case of a pancreatic malignancy, all patients with small (<3 cm) tumors without evidence of lymph node metastases or vascular involvement at the preoperative work-up were considered eligible for robotic PD.
Patients with known locally unresectable disease on preoperative imaging underwent neoadjuvant therapy, followed by restaging and operative resection. The standard adjuvant therapy at our institution involved 2 months of gemcitabine before and after radiation (50-40 cGy) plus 5-fluorouracile and folinic acid; chemotherapy (CHT) is generally started within 8 weeks of surgery.
The patient under general endotracheal anesthesia is placed in supine position with legs apart in a reverse Trendelenburg's (Fowler's) position, slightly tilted to the left.
The patient's console comes from the head of the patient; the console of surgeon is in the corner of the operating room. The scrub-nurse stays on the left of the patient, while the bed assistant is between the patient's legs.
We use the following five ports ( Fig. 1 ):
1. 12-mm optic port located in the right pararectal area 2. 8-mm robotic trocar for arm number 1 placed in the left flank in mid-clavicular line (R1), 3. 8-mm port placed in the right flank for arm number 2 (R2) 4. 8-mm port located in the right hypochondriac region for the arm number 3 (R3) 5. One or two 12-mm assistant ports located one in the umbilical area, and the second in right flank medially to arm number 2.
This lay-out has been previously described by Prof. Giulianotti [6] , and allows to perform the Kocher maneuver of the duodenum using the third stable retractor arm coming from the right and lifting up the duodenum.
Other techniques describe a different position of the arm number 3 or a dynamic position of the trocars.
The operation starts with the opening of the gastrocolic ligament and the hepatic flexure of the colon is taken down, the gastroepiploic vessels are exposed up to its origin, the duodenum is exposed, and the superior mesenteric vein is identified. After the evaluation of resectability, we perform a full Kocher maneuver that must be more extended than in open approach until we reach the left lateral border of the aorta (Fig. 2) . In this step, it is necessary to have a clear understanding of the anatomy before the beginning of the demolitive part, evaluating all anatomic landmarks like the Henle's trunk that must be sectioned to achieve the superior mesenteric vein. We do not perform an extensive inter-aortocaval lymphoadenectomy that we carry on only in cases of macroscopic involvement.
After the division of the gastroepiploic vessels, the duodenum is transected using an EndoGia linear 45-mm stapler.
An expert assistant can perform a good traction and help the operator to maintain a clean operative field. We continue with the dissection of the hepatoduodenal ligament and the gallbladder is taken down, and the common bile duct is dissected and isolated. For this step, we use a monopolar hook, Harmonic or vessel sealer in cases of fatty tissue, and when the control of hemostasis is troublesome.
We identified the common hepatic artery and we isolate and follow it in order to identify the gastroduodenal artery that we control by hand-sewn ligation (Fig. 3) .
The robot-sewn ligation of the artery is one of the key points of the procedure. It gives us a more precise control of this vessel than Hem-o-Lock. Afterwards, the common bile duct can be transected and sent for a pathology examination and closed by a bulldog clamp inserted through robotic Prograsp. It is mandatory to have a clear idea of vascular anatomy before starting the procedure, so we generally perform a 3D radiological vascular reconstruction before surgery. The pancreas is dissected in its superior and posterior margin in order to create a retropancreatic tunnel. We generally do not do many efforts to encircle the pancreatic parenchyma because we do not believe it is necessary.
We continue with the demolitive part performing stay sutures at the inferior and superior border of the pancreas and the transection is then carried out using ultrasonic shears to incise the first centimeter of the pancreatic neck and then using a bipolar scissors in order to visualize the Wirsung's duct (Fig. 4 ). An internal drain is inserted even if it seems that it does not reduce the postoperative pancreatic fistula rate. The proximal part of pancreatic remnant is sent for pathology examination. The first jejunal loop is transected using a 60-mm laparoscopic stapler and mobilized from the Treitz's ligament to the root of the transverse mesocolon. After that, we pull it to the right of the superior mesenteric artery axis.
We perform this submescolic part of the procedure lifting up the transverse colon with the third arm and connecting the transected jejunal loop with a silicon drain in order to help the transposition to a supramesocolic area. Some surgeons perform this step directly from the right axis of SMA performing a massive traction to the bowel loop and performing immediately an extensive Kocher maneuver.
The last demolitive part is completed with the uncinate process dissection from the distal to proximal part of the superior mesenteric vein (SMV) with a good control of each jejunal branch. This last part is challenging in laparoscopy as well as in open surgery for the presence of many arterial and venous branches, surrounded by fat tissue and nerves. The magnified view of robotic console can help surgeons to overcome these difficulties allowing for selective control of the vessels using both monopolar or bipolar energy and obtaining a good oncologic adequacy.
The lymph node dissection, the uncinate process dissection, and the liver hilum dissection are crucial steps of the procedure and are relatively easy to perform by robotic approach.
The reconstructive phase starts with a pancreatojejunostomy with an external row of polydioxanone suture (PDS) 4.0 interrupted and a Wirsung-mucosa anastomosis using a Prolene 5.0 in traditional fashion (Fig. 5) .
Afterwards, we continue performing a robot-sewn biliodigestive anastomosis, performing a running suture posteriorly and interrupted suture anteriorly using PDS 5.0 and at the end, an antecolic gastrojejunostomy using the same single jejunum loop with a running PDS 3.0.
Once the anastomosis is completed and an accurate hemostasis achieved, we insert three drains: the first one behind the pancreaticojejuno anastomosis, the second one over pancreaticojejuno anastomosis, and the last one below the liver.
The specimen is extracted through a Pfannenstiel's incision.
Discussion
Minimally invasive techniques of pancreatic resection have had a difficult start. Laparoscopy approach, although seen as an interesting or even preferred option for distal pancreatectomy, was considered for a long time not suitable for pancreatoduodenectomy, because of its extreme level of technical difficulty. However, with the advent of robotic surgery, several limitations of the laparoscopy approach seemed possible to overcome and thus the minimally invasive resections of the pancreas saw a new boost of interest.
One of the most important factors that influenced the widespread of robotic PD is the faster learning curve (80 cases) and the possibility to use a double console to involve novice surgeons in large part of operations as showed by Boone. The literature data show a decreased (9.1%) conversion rate with robot compared to that of laparoscopic surgery and only 20 cases are necessary to reduce this rate from 35 to 3.3% [7] .
In our experience of 10 reported robotic PD, we have had only one conversion to open surgery caused by the tumor adherence to the SMV and portal vein not diagnosed preoperatively. At the same time, we believe that in future, the robotic platform can also be employed to perform vascular resection in case of portal vein lateral attachment [8] .
The median operative time reported in our experience (517 min) seems to be less than that for laparoscopy (624 min) but more than that for open (423 min) as confirmed by other series [9] , but of course, we must consider the learning curve and specific patient-related factors. What we observed during the operation is a different perception of the operative field, with a magnified and more accurate vision that can justify a higher operative time in comparison to that of laparoscopic approach where the length of operation is generally caused by a difficult and complex dissection.
Several studies [10, 11] showed that blood loss is significantly less in robotic surgery than that in open approach, and comparing the transfused blood units, patients who undergo open procedures require more blood units to be transfused than those who undergo the minimally invasive approach. We can confirm this observation, because not only we saw a decreased blood loss in comparison to that of open approach but also to laparoscopic surgery (70 vs. 450 vs. 500 ml, respectively). The possibility of switching among monopolar and bipolar energy allows to have an easier bleeding control.
The analysis of literature shows that the rate of bile leak, delayed gastric emptying, and pancreatic fistula after robotic PD surgery is similar to that of open approach (17 vs. 10-16%) [12] [13] [14] [15] and fortunately, half of these are not clinically significant (grade A fistula, which can be managed by drainage alone), but what is really important to underline is the Bheightened^awareness of surgeons in detecting leaks due to less postoperative adhesions.
In a recent systematic review, there was no significant difference in postoperative pancreatic fistula incidence and mortality between robotic and open approaches but a trend towards improvement in clinically significant fistula rates with surgeon experience was evident [9] .
It can be difficult to define the real clinical impact of several factors influencing fistula occurrence since studies on the topic are biased, the number of soft glands with smaller ducts is not taken into account, and the impact of learning curve is frequently neglected. However, Polanco et al. [16] reported four risk factors for postoperative pancreatic fistula after robotic PD: duct size <4 mm, estimated blood loss, small tumor size, and BMI. In line with these findings, in our experience, we had one pancreatic fistula in an obese patient with a 3-mm Wirsung's duct.
Considering the small number of patients who underwent a robotic PD, our data regarding morbidity and mortality rate are clearly insufficient, but we did not have until now any case of 30-day as well as 90-day mortality.
In an interesting analysis of 250 consecutive robotic pancreatic resections, an overall 30-day mortality of 0.8% and a 90-day mortality of 3.8% have been shown. The morbidity still remains considerable and is comparable to open surgery (grades 3 and 4 Clavien complications 10 and 11%, respectively) even if it declines with experience [17] .
The data about the oncologic outcome in the literature are not clear, not always collected in a standardized manner regarding the margin status and patient selection criteria for mini invasive surgery. Further evaluation of this aspect of robotic pancreatic surgery is definitely needed.
The median number of harvested lymph nodes in our group is 25, similar to 29 reported in the literature and comparable to open approach. The oncologic quality parameters like R0 and R1 resection margins that we have obtained (9/10 and 1/10, respectively) confirm that robotic surgery is oncologically equivalent to open surgery as confirmed by the results of an Asian group (78.9-100% vs. 68.3-87.5%) [18] .
The comparison of oncologic outcomes of open and robotic approach in our experience will be the subject of future research. Until now, an interesting study showed not only a shorter hospitality stay in the robotic group but also a shorter delay (27 vs. 41%) in starting adjuvant treatments caused by poor functional status of patients after surgery [19] .
An improved progression-free survival (but not overall survival) was observed in the robotic group patients. This may be a reflection of the differences in the delay of the start of adjuvant treatment. The lower impact of robotic surgery on immunological response and humoral balance can lead to a better and faster recovery after surgery and thus cause a shorter delay of treatment with a reduced waiting time before chemotherapy [20] .
In a recent study performed by the European Study Group for Pancreatic Cancer (ESPAC-3), the completion of all six cycles of adjuvant chemotherapy was an independent predictive prognostic factor of overall survival whereas time to starting adjuvant chemotherapy was not prognostic if chemotherapy was started within 12 weeks after surgery [21] .
The most important therapeutic advantage is seen in patients who complete all six cycles of CHT and receive adjuvant treatment in time (median survival 28.0 vs. 14.6 months). In fact, there is no survival disadvantage from delaying the start of CHT for up to 12 weeks after surgery and no survival advantage for starting early treatment, within 8 weeks of surgery (22.6 vs. 24.2 months), so what is really important is to treat fully recovered patients. The time to start of therapy was only identified as an important factor for the subgroup of patients who did not complete therapy with reduced survival observed in patients starting chemotherapy early [21] .
In conclusion, in many ways, the future of robotic pancreatic surgery seems optimistic. The main obstacle for this technique remains the costs (studies analyzing the economic sustainability are required), the length of operative time, the lack of haptic feedback, and the necessity of another skilled robotic assistant at the table [22] . But the technique seems safe and relatively easy at least when compared with laparoscopic surgery. In our experience, the main advantages of the robot can be mostly appreciated during the uncinate process dissection, the lymphadenectomy, and during reconstruction.
Regarding the training, the use of double console can give the novice surgeons the opportunity to perform some steps of the procedure under the guidance of the experienced operator, and it is always important to remind that a good team work is a key to success. The impact of the new Xi robotic platform and possibilities it offers still need more studies.
